1 dependent on the precision of the applied admixture models. Several methods have 2 been developed to estimate admixture time based on the Hybrid Isolation (HI) model 3 (Xu and Jin 2008; Price et al. 2009; Loh et al. 2013; Qin et al. 2015) or intermixture 4 admixture model (IA) (Zhu et al. 2004), which assumes the admixed population is 5 formed by one wave of admixture at a certain time. However, the one-wave 6 assumption often leads to under-estimation when the progress of the true admixture 7 cannot be well modeled by the HI model. Jin et al. have shown earlier that under the 8 assumption of HI, the estimated time is half of the true time when the true model is a 9 gradual admixture (GA) model (Jin et al. 2013).
0
Weighted linkage disequilibrium (LD) is an alternative tool that can be used to 2 1 infer admixture (Loh et al. 2013; Pickrell et al. 2014 ). Previous studies have indicated 2 2 that this tool is more efficient than CAT because it requires neither ancestry 2 3 information inference nor haplotype phasing, which often provides false 2 4 recombination information, thus decreasing the power of estimation. Weighted LD 2 5 4 has already been used in inferring multiple-wave admixtures (Zhou et al. 2015) .
1
However, these methods tend to summarize the admixture into different independent 2 waves, even if the true admixture is continuous. In our previous work (Zhou et al.
3 2015), we mathematically described weighted LD under different continuous models, 4 allowing us to determine admixture history using these models.
5
In the present study, we first developed a weighted LD-based method to infer 6 admixture with HI, GA, and continuous gene flow (CGF) models (Pfaff et al. 2001) , 7 ( Fig 1) . Both GA and CGF models assume that gene flow is a continuous process.
8
Next, we extended the GA and CGF models to the GA-I and CGF-I models, 9 respectively (Fig 1) , which model a scenario with a continuous gene flow duration 1 0
followed by a period of isolation to present. We applied our method to a number of 1 1 well-known admixed population and provided information that would help better 1 2 understand the admixture history of these populations. I  n  f  e  r  r  i  n  g  A  d  m  i  x  t  u  r  e  H  i  s  t  o  r  i  e  s  b  y  u  s  i  n  g  t  h  e  H  I  ,  G  A  ,  a  n  d  C  G  F  M  o  d  e  l  s   1   T  h  e  e  x  p  e  c  t  a  t  i  o  n  o  f  w  e  i  g  h  t  e  d  L  D  u  n  d  e  r  t  w  o  -w  a  y  a  d  m  i  x  t  u  r  e  m  o  d  e  l  h  a  s T  h  e  r  e  f  o  r  e  ,  f  o  r  d  i  f  f  e  r  e  n  t  a  d  m  i  x  t  u  r  e  m  o  d  e  l  s  w  h  e  r  e  a  d  m  i  x  t  u  r  e  b  e  g  a  n  1   ݊   g  e  n  e  r  a  t  i  o  n  s  a  g  o  ,   ܼ  ሺ  ݀  ሻ   v  a  r  i  e  s  i  n  t  e  r  m  s  o  f  t  h  e  v  e  c  t  o  r  o  f  c  o  e  f  f  i  c  i  e  n  t  s  o  f  2   e  x  p  o  n  e  n  t  i  a  l  f  u  n  c  t  i  o  n  s  :  3 e  r  v  e  d  t  h  a  t  C  A  M  e  r  p  e  r  f  o  r  m  e  d  b  e  t  t  e  r  t  h  a  n  p  r  e  v  i  o  u  s  a  d  m  i  x  t  u  r  e  m  o  d  e  l  1   c  l  a  s  s  i  f  i  c  a  t  i  o  n  m  e  t  h  o  d  s  b  e  c  a  u  s  e  i  t  d  o  e  s  n  o  t  r  eu  i  r  e  c  o  n  d  u  c  t  i  n  g  i  n  f  e  r  e  n  c  e  s  u  s  i  n  g  2   a  n  c  e  s  t  r  y  t  r  a  c  t  s  ,  a  n  d  t  h  u  s  c  a  n  d  e  a  l  w  i  t  h  m  i  s  s  i  n  g  g  e  n  o  t  y  p  e  s  i  n  t  h  e  d  a  t  a  .  C  A  M  e  r  a  l  s  o 
CGF1-I, CGF2-I, GA-I 
